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ABSTRACT OF THESIS 
 
 
 
 
WEAR TOLERANCE OF SEEDED AND VEGETATIVELY PROPAGATED 
BERMUDAGRASSES UNDER SIMULATED ATHLETIC TRAFFIC 
 
 
 
 The use of seed-propagated bermudagrasses [Cynodon dactylon (L.) Pers.], 
particularly for athletic fields, is rapidly increasing.  Recently developed seeded cultivars 
have been bred for improved turfgrass quality (finer texture, darker green color, etc.) and 
for increased cold tolerance, but their ability to tolerate wear has not been investigated.  
This study was conducted to determine if three seeded cultivars could tolerate simulated 
athletic wear as well as one vegetative cultivar commonly used in Kentucky.  The seeded 
cultivars, ‘Riviera’, ‘Princess 77’ and ‘Yukon’ were planted at 24.4 and 48.8 kg PLS ha-1 
and the vegetative cultivar ‘Quickstand’ was sprigged at 1250 and 2500 bu ha-1 in the 
second week of June.  Beginning at the end of August each year (in conjunction with the 
Kentucky high school football season), simulated wear treatments equivalent to either 
three, two, one or zero football games wk-1, using a Brinkman traffic simulator, were 
imposed.  Plots were then evaluated for turfgrass quality (TQ) and percent turfgrass cover 
(PC) through mid-November. The possibility that precipitation amounts and timing may 
have been a factor is the large end of season PC means is also examined.  Final PC means 
for each season under the highest wear treatment were mixed with Princess 77 having a 
statistically greater mean (P<0.0001) of 42% than any other cultivar in 2002, where the 
2003 results showed Riviera to have the statistically higher (P<0.0001) mean (71%) over 
the other cultivars. TQ ratings were inconsistent when used as a measure of wear 
tolerance.  Stolon fresh weights were also measured between the cultivars as an 
examination of morphological characteristics that could be associated with wear 
tolerance, but were not statistically correlated (P>0.05) to a given cultivar’s wear 
tolerance ability. 
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CHAPTER ONE
INTRODUCTION 
The testing of wear on turfgrass has two major considerations.  The first is 
to define what element(s) of wear it is desirable and possible to replicate; the 
second is to determine the most accurate method of quantifying the effect that 
wear has on the turf.  Damage of turfgrass can typically be quantified by that 
which occurs above and below the soil.  It is the above-ground damage, that of 
scuffing, tearing and bruising of the leaves, crown and stem tissues that is most 
commonly termed as wear (Beard, 1975a; Beard, 1990; Carrow, 1996; Trenholm, 
1999).  Subsurface damage, such as the results of compaction and injury to the 
roots or rhizomes, is generally seen as an indirect function of the type of traffic 
imposed on the turfgrass (Carrol, 1991).  Wear tolerance in the case of this study 
is defined as the ability of the above-ground tissues to withstand the stresses of 
imposed traffic; this is similar to the definition used by Canaway (1981) although 
he also notes that the precise definition is characterized by the researcher through 
the method in which she/ he chooses to measure it. 
Turfgrass wear tolerance is a function of anatomy and morphology, 
environmental factors, soil properties, intensity and type of management, as well 
as the climatic adaptation of the given turf (Youngner, 1961).  Each species of 
turfgrass has a different ability to tolerate direct physical damage to aboveground 
tissues (Shearman, 1975; Beard, 1973; Shidrick, 1975; Shearman and Beard, 
1975b), which may transcend the cultivars or varieties (Beard, 1990).  Previous 
work has shown that there are multiple anatomical and morphological 
characteristics in an array of combinations that contribute to wear tolerance. 
Thurman and Pokorny (1969; Rogers, 1998) reported that the intensity of traffic 
damage is directly proportional to the amount of damage sustained by the crowns. 
In terms of immediate damage to the crowns, however, it is the above-ground 
biomass (verdure), including a moderate layer of thatch (Youngner, 1961) which 
protect the important tissues.  More specifically, an anatomy that includes stolons 
and rhizomes is more likely to withstand greater amounts of traffic stress than a 
turf which lacks one or both of these structures (Beard, 1990).  Further, any 
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increase in density of modified stems and/ or all above ground structures 
(including leaf tissue) is likely to confer greater resistance to wear (Shearman, 
1975c; Canaway, 1978; Beard, 1990).   
Previous work has also shown that an increase in lignified tissues as well 
as greater proportion of sclerified and cellulosic tissues, all of which provide a 
rigidity and strength to stems and modified stems, tend to grant a high degree of 
wear ability (Shearman, 1975; Beard, 1990; Shearman, 1989; Shearman and 
Beard, 1975b).  Lignified tissues are often found in the epidermal cells of grasses 
(Shearman, 1975; Esau, 1965), and are also a major component of thickened 
secondary walls, tracheal elements, and vessels within the xylem.  They are 
closely associated with celluloses and hemicelluloses and their “mechanical 
rigidity” helps in strengthening tissues, especially the stems.  Though the primary 
function of lignin is to support the stem and vascular tissue under the intense 
negative pressure of evapotranspiration, gravity, etc. it can secondarily add 
protection from wear damage through its intrinsic strength (Taiz and Zeiger, 
1998).  Trenholm, Carrow and Duncan (2000) found that lignin and 
lignocelluloses in particular helped to increase wear tolerance in bermudagrass.  
In contrast, sclerenchyma tissue, consisting of sclereids and fiber cells, provide 
flexibility (Taiz and Zeiger, 1998; Esau, 1965).  Part of the reason we can traffic 
grasses more than other flowering plants is due to the relatively higher amounts of 
sclerenchmatic fibers which protect the vascular bundles and the epidermis 
(Shearman, 1975; Esau, 1965).   
Traffic and Wear Simulation 
Youngner (1961) was one of the first researchers to attempt simulated 
traffic on turfgrass.  His traffic device was mounted on a center pivot, and rolled 
on two pneumatic tires.  Between the tires, on a frame, were the wear elements.  
Corrugated metal feet were used to provide a scuffing action.  Spiked rollers 
could be added to produce tearing during the wear application.  They could be 
used independently as in the second half of his study, or simultaneously as they 
were in the first half.  Using the accelerated traffic machine, Youngner applied 
traffic to bermudagrass under different mowing heights and levels of thatch 
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accumulation.  Because the time of year for the work is not given, but work on 
lawn conditions is included in the same paper, it may be assumed that the warm 
season grasses were not dormant.  The same swards of mature bermudagrass 
cultivars were used for both studies.  Work began with an existing thatch layer 
while the turf was maintained at a 2.5 cm mowing height.  Youngner felt that it 
was more practical to accelerate the rate of wear beyond that which it may 
normally occur.  After completing the first round of traffic applications, the thatch 
was mechanically removed and the mowing height dropped to 0.6 cm.  For both 
tests the traffic machine was allowed to run until the predetermined end point 
where all leaf blades had been removed from the turf and only stems and bare soil 
remained.  Additionally, the scuffing feet and the spiked rollers were run 
simultaneously; if one attachment acheived the predetermined end point before 
the other, then it was turned off and the other was allowed to continue to the same 
level of destruction.  The machine was rigged with an automatic counter for the 
number of revolutions and the resulting number of revolutions was recorded as a 
turf’s wear resistance.  In general the scuffing tool was better tolerated than the 
spiked rollers, and the higher cut turf tolerated a greater number of revolutions of 
both tools.  Youngner determined that this was a reflection of the thatch layer, and 
thus that a thatch layer, as long as it does not cause detriment in other ways, is 
desirable in a high traffic zone.   
Some of the most extensive work completed in turfgrass wear tolerance 
has been by Shearman and Beard (1975 a,b,c) in their publication of three studies 
measuring turfgrass wear injury, cell wall constituents involved in wear tolerance, 
and how wear tolerance is affected by morphology and anatomy.  Their first study 
looked at seven cool season turf species as they tried to develop a quantitative 
analysis with which to determine wear tolerance.  Measurements of total cell wall 
(TCW) contents, % verdure and the chlorophyll content per unit area were 
analyzed statistically to search for a correlation with a subjective visual ratings 
scale where 1 = 0% injury and 5 = bare soil or 100% injury.  Color infrared 
photography was also examined, but was not successful.  Using a traffic 
simulation machine (mounted on a center pivot with both pneumatic tire and 
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metal sled attachments) and following Youngner’s work, Shearman and Beard 
(1974) first determined a turf’s wear tolerance based on the number of revolutions 
the machine could run to a point when all leaves had been stripped and only stems 
and soil remained.  This method was determined, however, to be subjective after a 
large amount of variability was discovered within replications as well as within 
closely related species.  A second, follow-up study was then completed where 
each plot was subjected to the same number of revolutions (600).  Although there 
was significant correlation between the visual ratings with each of the quantitative 
measurements, Shearman and Beard felt that % verdure, being objective and 
easily quantified, was the best measurement for wear tolerance. 
In their second study, Shearman and Beard attempted to quantify specific 
cell wall components which impart a greater level of wear tolerance.  Seven cool 
season turf species were subjected to neutral detergent fiber analysis, as well as 
several reagents to measure lignin, cellulose, hemicelluloses and other 
components within cell walls.  Samples were collected throughout the first year of 
growth so that the changes occurring during maturation could be determined.  
Sullivan (1969) had found a higher percentage of TCW in more mature tissues.  
Each of the seven species showed a lower leaf concentration of lignocelluloses, 
cellulose, hemicelluloses and lignin than in the sheaths.  There was also a 
significant difference between the species in the percentage of TCW and lignin.  
As Shearman and Beard attempted to correlate the differences they were finding 
with the wear tolerance of a species, they could not find relationships when the 
cell wall components were measured on a dry weight basis.  Relationships were 
evident, however, when constituents had been measured as mg dm-2.  This held 
true for lignin, hemicelluloses, cellulose and %TCW, which in their models 
accounted for 78% of the variation in wear tolerance between the seven spp. 
studied.   
The third study published by Shearman and Beard in 1975(c) correlated 
both mechanical and subjective measurements to interspecific wear tolerance.  
That is to look for certain aspects within turfgrasses in general that could be 
identified with an increased ability to tolerate a greater amount of wear injury.  
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Wear tolerance information was retained from the seven cool-season species used 
in the first study and used for the correlations.  Samples used for this portion of 
the study were grown in the greenhouse.  Eight aspects of anatomy and 
morphology were measured: verdure, shoot density, load bearing capacity (LBC), 
leaf blade tensile strength (LTS), percent moisture, relative turgidity, and leaf 
width.  Verdure was expressed as g fresh weight dm-2, and was defined as all green, 
or above-ground plant parts.  To establish shoot density the number of shoots per 
sample plug were counted and then converted to number dm-2.  LBC was defined 
as the amount of weight required to depress a portion of a plug sample to a given 
depth, and LTS involved a rigged three-arm balance where the amount of weight 
required to snap a given size and aged leaf was measured.  Percent moisture was 
established for both leaves and stems separately, but relative turgidity involved 
only leaf tissue.  Turgidity percentages involved the weights of a given sample 
size of leaf tissue either fresh, dried or distilled water soaked.  Of all data taken, 
only LTS was significantly correlated with inter-specific wear tolerance of the 
species studied.  Shearman and Beard also noted that when LTS and width 
statistics were combined they accounted for 97% of the variation for wear 
tolerance among the species.  The percent moisture content was not only 
significantly different between the species, but also between the leaf and stem 
samples where the leaf percentages were significantly higher than those for stem 
tissues.  Using cross sections, the researchers also looked for differences in 
anatomy.  Though no statistical qualifications could be made, they did feel that 
they found likely associations between inter-specific wear tolerance and the 
percentage of sclerified and lignified tissues. 
Simulated Wear Machines 
Studying the conditions of a sports field requires that the type of use, 
overall playability and safety as well as aesthetics be considered as components of 
wear tolerance.  Further, the basic ideas about turf management and stability in 
general tend to break down under the  influence of intense traffic.  The  forces that
constitute  wear  occur  at  a broad  range of  angles,  though for simplicity they 
are often reduced to horizontal and vertical forces (Canaway, 1975).    And 
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though the random elements associated with athletic play cannot be exactly 
simulated by a machine, scientifically it is more desirable to have a test which 
would be easier to reproduce (Canaway, 1981b).  Often, natural wear rates have 
been accelerated in order to be studied in a timely manner (Youngner, 1961), in 
the interest of comparing the results of simulated traffic to that of real-life play, it 
is essential for the conditions to be reproduced as closely as possible (Canaway, 
1981b). Unfortunately, as wear tolerance is an abstract concept, it cannot be 
measured directly.  It is best therefore to devise methods for comparing 
differences between damaged turfs (Canaway, 1983).    
With this concept in mind, the next work in the testing of turfgrass wear 
tolerance was completed by Canaway in 1975.  The Sports Turf Research Institute 
(STRI) in Bingley, England has been responsible for a sizable component of the 
total turf wear research conducted to date.  Canaway was one of the first 
researchers to break down the components of traffic and test differences using two 
basic forces; the vertical force of impact and the horizontal or tearing/ shearing 
force.  The horizontal force required to shear or tear the turf was also described in 
this paper as “intrinsic strength” and Canaway felt that under similar, real-life 
conditions, a turf with higher intrinsic strength would have a greater tolerance for 
wear. Using a free standing studded “foot” and a torque wrench on 2 year old 
plots of turf, horizontal forces required to cause the foot to tear the turf were 
measured.  The work was begun with 1 Nm of torque and the pressure applied 
was increased incrementally until the foot would slip; a response curve was then 
developed for each species.  After completing the curves, it was found that 
measuring only the end point (termed “turf shear”) could be as productive, and as 
accurate as the complete curves.  As a result, when testing for differences between 
multiple species, a torque wrench with a dial indicator was used to make one 
measurement on the turf shear strength which was then replicated multiple times.  
Results indicated that a large number of observations were required to find 
significant differences between the means for a species; also, Canaway was able 
to find only small, if any, differences among cultivars. 
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Beard et al. (1978) reported that a device was being used at College 
Station, TX which was also proficient at separating horizontal and vertical wear.  
Over four days, 47 cultivars, in single and mixed species plots, were subjected to 
500 revolutions of Beard’s center pivot based machine.  This traffic simulator is 
driven by a rear wheel attached to a metal frame upon which either a pneumatic 
tire, or metal sled could be attached for wear application.  The turf was tested in 
the second and third weeks of March just after active growth of the cool season 
turf had begun.  There is no mention of how the dormant bermudagrass turfs 
fared, but measurements on the over seeded grasses included % verdure before 
the application of wear, just after wear application and three days and two weeks 
following.  In general the turf-type perennial ryegrasses were more tolerant of the 
applied wear than the fine-leaf fescues, rough bluegrasses and creeping 
bentgrasses.  However, there was little significant difference between different 
ryegrass cultivars.  There was also little difference in wear tolerance between the 
mixtures and blends studied. 
By 1976, Canaway had constructed and was using the D.S.1 wear 
machine, which was more accurately able to reproduce the patterns of traffic 
observed during a live-play athletic event.  The machine was based loosely on a 
power cultivator, in that it is self powered and small enough to be driven by its 
own engine but retains ease of maneuverability.  Two separate axles are 
positioned at the front and back of the machine; the front axle supports three 
studded rotors and the rear supports four.  The rotors are aligned for easy steering 
and to allow complete coverage of a swath in one pass.  The rotors in this case 
were fitted with European football spikes but the rotor attachments may be 
interchanged to modify the type of wear applied.  Further, the belt drives for both 
the front and back rotors are linked to different sized pulleys to establish the 
horizontal or tearing forces to the testing area.   
In one of the first tests using the D.S.1 (Canaway, 1978), the researchers 
chose to measure the amount of ground cover both before and after simulated 
traffic application, and then divide the two numbers to give the % of ground cover 
remaining after  the application of simulated traffic.  Ground cover was measured 
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using the “point-quadrant” method (developed at the STRI) which allows the 
researcher to objectively count the number of tillers within a measured area from 
multiple sites within a plot. Traffic applications were stopped when the two 
weakest of the six species tested had been worn to bare ground, which was in fact 
a particularly subjective measurement in an otherwise carefully planned and 
objective study.  The total number of passes made with the D.S.1 was then 
recorded for each species.  Canaway also measured the overall biomass, fiber 
content and strength (using the studded disk and torque wrench tool) before wear 
application, for each species, to use in correlation statistics.  The study was 
repeated for two years; in the first year the only correlation found was with fiber 
content but was weak.  The second year yielded significant correlations between 
traffic tolerance and biomass, as well as with the fibrous tissue per unit area, but 
the coefficients were low.  Also, they found that the same turf plots were able to 
tolerate a greater number of passes with the D.S.1 in the second year than in the 
first.  Canaway was unable to trace this to a specific cause and speculated that it 
could have been the result of either greater turf maturity, traffic applications later 
in the season, or the fact that the ground was not as moist as it had been the year 
prior during the simulated traffic application. (Canaway, 1978) 
Changes in Wear Application Methodology 
Similarly, Gore (1979), also of the Sports Turf Research Institute, noted 
that a turf which was allowed more time to grow and thus develop greater ground 
coverage before the application of traffic was more likely to have increased wear 
tolerance.  Further, it was found that a drier soil was more likely to have greater 
turf coverage after the same amount of simulated traffic on a more moist soil.  
Using the D.S.1, traffic was applied to cool season turf between Jan and Mar of 
1976 and from Oct 1976 to April 1977.  Each application consisted of four total 
passes made at right angles from each other; fifteen traffic events were applied 
during the first time period and twenty during the second.  The point quadrant 
system for measuring turf ground coverage was employed before and then shortly 
after the applications of simulated athletic traffic.  (Gore, 1979) 
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In another publication from the Journal of the Sports Turf Research 
Institute (1981b) Canaway had become one of the first researchers to attempt to 
directly relate simulated traffic damage to that which was caused by real athletic 
play.  He reported that when comparing traffic injury caused by a machine with 
the damage of real play, all relations are relative and approximate because of the 
random effects inherent in human actions and the play of the game.  In this case, 
Canaway set up a series of test plots where he could apply traffic using the D.S. 1 
and the numbers of passes were designed to mimic the amount of traffic received 
from one actual game on a soccer pitch.  Almost all aspects of the soccer games 
and season were mimicked.  Traffic applications with the D.S. 1 were applied 
within the season itself, and all replications were limited to the number of games 
being played on the field each week, that is, no more applications were made in a 
given week than the number of games played.  The amount of turf cover was 
measured before and after the applications of the D.S.1, and at corresponding 
times on the soccer pitch, throughout the season every three weeks.  There was 
also a measure of the types of species and their percent composition within a 
measured plot, as well as the level of soil compaction developing from real and 
simulated traffic.  In an attempt to reduce the amount of uncontrolled influences, 
all measurements were made in such a manner as to reduce their subjectivity.  
However, even with the most objective of measurements, it is impossible to use 
formal statistics to compare the patterns and effects of real versus artificial wear 
due to the inability to truly replicate the effects of actual game traffic.  All 
relationships become approximate due to the randomness of play in a human 
game.  Canaway’s work did, however, indicate that a greater number of passes 
with the D.S.1 than previously estimated were required in order to better simulate 
real play.  He felt this may have been a reflection on the concentration of 
applications in the past to within a week or two and the fact that applications were 
not necessarily made in conjunction with the season of play.  In the end, Canaway 
was unable to obtain conclusive results from the soil compaction comparisons.  
Interestingly, he was able to note a decrease in turf cover during non-growth 
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months even when the field and traffic areas were left untrafficked (Canaway, 
1981b).    
Canaway (1981a) later updated the design of the D.S. 1 to the D.S.2 
model.  Seven cool season species, for use on European football pitches, were 
studied.  This work was intended to provide stronger data for wear tolerance 
established under test conditions that were more closely related to live-play events 
than previous work.  For this test the applications of wear were again made at 
right angles to each other and four passes were made twice weekly, first in the 
spring and again in the winter.  A second wear application was made until the 
ground cover of the weakest turf was reduced to about five percent (averaging 32 
total passes).  With the intention of creating an accurate picture of the effects the 
athletic type forces were having on the turf, Canaway measured ground cover as 
well as total above ground biomass, lignin and cellulose content, shear strength of 
the leaves and soil compaction for each species/ cultivar.  Poa annua L. was 
deemed to be the most wear tolerant, being the least reduced after wear 
application and also showed the greatest amount of recovery post-wear.  Perennial 
ryegrass, Kentucky bluegrass, and timothy were closely related in their wear 
tolerances.  Highland bentgrass and the two fine-leafed fescues rated poorest for 
wear tolerance.  Canaway was able to find several statistical correlations among 
the species with biomass, fiber and cellulose contents and ground cover prior to 
traffic applications.  However, fiber and cellulose statistics were dependant upon 
how those data were expressed (as per unit area or percentage), and no solid 
relationships with wear tolerance were discovered.  More importantly, although 
these correlations among the species were found, Canaway notes that some of the 
species as individuals did not adhere to the general trend. 
Additional wear tolerance work by Canaway (1983) investigated the 
effects of root zone types on the maintenance of turf playability.  Eight cool 
season species were subjected to soccer-type wear using the D.S. 2, and more 
important than the direct results was the decision to apply the wear following a 
typical season of play to produce more accurate results as based on his previous 
seasonal trials.   In a further attempt to keep the conditions as life-like as possible, 
  
European football studs were attached to the D.S. 2.  A total of 32 passes were 
applied to the plots, once in autumn and again in winter of the same year.  This 
time the turf was measured for playability, which he defined as, “the qualities of 
the turf which make it suitable for the sport in question.”  In this case, the 
qualities were measured as total ground cover, above ground biomass, shear 
strength of the turf, and ball bounce resilience.  
With sand-based greens and ball fields, the effect of soil compaction 
becomes a much smaller issue in overall wear tolerance concerns.  Kohlmeir and 
Eggins (1983), taking this to mind, used a modified aerifier to apply mainly 
horizontal forces in a study of nitrogen and its effects on wear tolerance of 
creeping bentgrass greens.  A West Point Jr. aerifier was used but with the tines 
replaced by golf type shoes and the springs given a leg-like modification.  Over 
two time periods, June and Sept. of the same year, a total of 26 traffic simulation 
passes were made over the plots.  Some plots were not given any wear; others 
received either three or six passes at each application.  At the end of trafficking, 
there were no discernable changes in soil bulk density as had been expected.  
Using visual evaluations, drought tolerance and the amounts of Poa annua were 
evaluated relative to the amounts of traffic and nitrogen each plot had received.  
In addition, wear stress and winter injury was measured using an electronic 
resistance test developed by Cordukes et al. (1966).  They found that as the grass 
received more injury from wear applications the resulting solute leaks from the 
cells reduced electrical resistance in tissue samples.  In fact, upon testing known 
dead samples and those that had been heavily trafficked, they found an electrical 
reading at which they could predict the death of a leaf before it began showing 
signs of senescence.  Further they found a highly significant correlation between 
clipping yields and electrical resistance, and suggest that clipping yield may serve 
as a measure for the amount of injury the turf has sustained from wear.  Thatch 
levels, stolon growth, and shoot growth were all reduced with traffic applications 
(Kohlmeier and Eggins, 1983). 
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The Brinkman Traffic Simulator 
S.T. Cockerham and D.J. Brinkman, in 1989(a), were able to develop a 
simulated traffic applicator which was extremely uniform, and able to cover large 
study areas well.  The Brinkman traffic simulator (BTS) is basically a steel frame 
with two cleated rollers that is pulled behind a small tractor.  The frame is 
constructed of steel tubing and is rigged with a hydraulic ram to allow the cleated 
rollers to be lifted up for transport and lowered to “free float” above the plot for 
traffic application.    The rollers are 29.21cm in diameter, and 1.22m wide.  They 
are connected by a chain drive, but sit with different sized sprockets (front= 
13.97cm diameter, back = 16.57cm) and turn the rollers at unequal speeds, thus 
creating shearing or horizontal forces from the rear roller.  Hex nuts with an 
inside diameter of .95cm. are welded to the rollers and 1.9cm long, 1.6cm outside 
diameter, hex bolts are threaded in.  The diameter and length of the bolts were 
determined to approximate the same measurements of American football cleats.  
The bolt pattern on the rollers follows a repeated spiral pattern to allow for 
smooth movement, and the lateral widths were calculated such that the bolts 
achieve complete coverage on the surface following one complete rotation. 
In 1994 Dunn and Minner et al. published an article in which they had 
studied the wear tolerance of Midiron and KSU S-16 bermudagrasses mixed with 
cool season grasses.  Although the BTS was used, it was modified such that the 
bolts that cause the horizontal forces were exchanged with football cleats in an 
attempt to provide a more realistic effect.  Traffic was applied in May and Sept in 
1989, 1990 and 1991.  Each application consisted of ten passes with the modified 
Brinkman, three times a week for six weeks.  Turf Quality was rated once a 
month between April and Nov for all three years along with estimations of the 
amounts of cool and warm season turfs within each plot.  A Clegg impact tester 
was used to measure surface hardness/ compaction, and gravimetric soil moisture 
measurements were taken on the turf mixtures that rated as most tolerant to the 
imposed traffic.  In the autumn of 1991, traction was measured for the mixtures 
containing Kentucky bluegrass or perennial ryegrass by measuring the amount of 
torque required to rotate a studded disc through the surface of a plot; these 
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mixtures were also measured for verdure and the amount of accumulated thatch at 
the end of the experiment.  It was felt, by the end of traffic applications, that 
Midiron and S-16 were neither aggressive nor strong enough to tolerate large 
amounts of traffic in the spring and fall as the bermudagrasses were transitioning 
into and out of dormancy, a condition that naturally weakens the turf.   
The Brinkman Traffic Simulator has also been used in a recent study 
combined with another innovation, crumb rubber, which is applied as a crown-
protecting top dressing (Rogers et al, 1998).  Turf plots were subjected to a total 
of between eight and ten passes a week in two separate applications for a total of 
96 passes by the end of the study.  The BTS was chosen for its, “compactive and 
tearing forces.”  Traffic was applied within the American football season for two 
years.  Following the works of Shearman and Beard (1975) verdure measurements 
were deemed to be the most important of those taken, which included: impact 
absorptive capacity, soil water content, shear resistance, ball bounce resiliency, 
clipping yields (along with elemental analysis) and estimated percent turf cover 
ratings.  There were no differences in the rates of turf decline between different 
crumb rubber sizes, and only in the first year did the amount area-1 of material 
show effects in decline rates.   
Bermudagrass Wear Tolerance 
Bermudagrasses are commonly used both on golf courses and athletic 
fields throughout the transition zone and southward.  Known for an increased 
ability to tolerate the close mowing heights preferred for high maintenance 
athletic fields/ golf courses and the dense cover it can provide, bermudagrass has 
become the primary warm season, or C4 grass to be used for fairways and athletic 
fields (Christians, 1998).  There are 19 registered species at this time and at least 
456 accessions in the Germplasm Resources Information Network (G.R.I.N., 
2006).  The species known as common bermudagrass or, Cynodon dactylon var. 
dactylon is an endemic species to the U.S.  It is made up of three races which vary 
greatly in their morphology and growth habits.  The temperate and seleucidus 
races are adapted to some regions of the U.S. (Taliaferro, 1995).  Most of the 
Cynodon spp. that predominately feature in athletic and golf course turf are the 
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result of early attempts to improve the native C. dactylon.  These cultivars result 
from hybridization of C. dactylon with the species Cynodon transvaalensis Burtt-
Davy, which is known for its smaller tillers, narrower leaves, darker green color 
and dense growth habit.  Though there was improvement in the appearance from 
C. dactylon and improved cold tolerance relative to C. transvaalensis, these 
hybrids produced sterile plants which can only be established through either 
sodding or sprigging (Christians, 1998; Taliaferro, 1995).  Both of these methods 
are time consuming and costly (Powell, 2001).  Thus recent efforts for the 
improvement of bermudagrass have been to return to the original, common 
species whose varieties do produce seed and to improve its morphological traits 
through classic selective breeding efforts (Taliaferro, 1995). 
Thurman and Pokorny (1969; Rogers, 1998) wrote that the intensity to 
which traffic damage is occurring is directly proportional to the amount of 
damage sustained by the crowns.  With its naturally rapid growth  rate and high 
verdure levels (Taliaferro, 1995), bermudagrass would, under these assumptions, 
be better adapted for the tolerance of traffic than a species which is slower 
growing or sparse. 
As a warm season, or C4 plant, bermudagrass goes dormant during the late 
fall in Kentucky and is at risk of winter-kill throughout the transition zone and 
northward (Christians, 1998; Turgeon, 1996).  Ahring (1975) found that rhizomes, 
established deep in the protective, temperature-buffering soil can be crucial to 
winter survival.  But a survey of seven seeded cultivars by Hensler in 1999, and 
Munshaw’s work in 2001 showed no measurable rhizome production within the 
first year.  Dunn and Nelson (1974) along with Powel and Burrus (1996)have 
found that stolons are equally as important as rhizomes for winter survival. 
Munshaw (2001) studied seeding rates and N fertilization practices to find which 
combinations allow the seeded varieties to develop maximum stolon production 
and size in the first year.  He found that a decreased seeding rate increased the 
number and size of the stolons that developed during the growing season.  When a 
greater number of seeds are initially competing for resources in a limited space, 
there is an overall reduced growth rate for individual plants (Lush, 1990). This 
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slows maturity, which is an essential element of wear tolerance (Shearman, 1989).  
Though the same overall biomass may be reached, a greater number of 
individuals will produce smaller less mature plants.   
Shearman and Beard (1975c), after testing seven cool season turf species, 
were able to positively correlate the concentration of cellulose, as well as large 
differences in the amounts of lignin and sclerenchyma, directly to the wear 
tolerance of each species (Canaway, 1978).  Bermudagrasses in particular rank 
high among other athletic field turf grasses in relation to quantity of lignin and 
sclerenchyma tissue (Sun, 1993; Shearman and Beard, 1975b).  This is one reason 
the bermudagrasses can tolerate high traffic situations such as athletic fields.  
Bermudagrass cultivars are additionally known for their high production of 
stolons and rhizomes in relation to other turfs used for athletic fields (Christians, 
1998), and in general are better at tolerating wear, during the growing season, 
than are cool season grasses (Shearman, 1989; Shearman and Beard, 1975a; 
Shearman, 1989).  Indeed, Youngner (1961) identified bermudagrass as one of the 
most tolerant species to simulated wear in a comparison of common lawn turfs.      
Recent efforts in breeding seeded bermudagrass cultivars have resulted in 
significant improvements in several traits.  Relative to older cultivars, newer 
releases exhibit improved overall aesthetics and also increased density of shoots 
within a given stand (NTEP, 2001).  Though a smaller leaf may lose its individual 
tensile strength, work by Sun and Liddle (1993) has shown that this may have 
little impact if any on the ability of a turf to withstand greater amounts of wear.  
Indeed, though there may be a small reduction of tensile strength in a smaller leaf, 
work by Trenholm, Carrow and Duncan (2000) shows that increased leaf tensile 
strength may negatively influence wear tolerance through a loss in flexibility.  
Shearman and Beard (1975c) were unsuccessful in establishing a correlation 
between shoot density and wear tolerance within cool season turf species, but 
Trenholm, Carrow and Duncan (2000) found that increased shoot density had a 
positive effect on the wear tolerance of both seashore paspalum and 
bermudagrass. 
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Bermudagrass Wear Testing 
Beard et al (1981) conducted one of the first traffic tolerance tests on 
bermudagrass.  Seventeen cultivars were planted in August of 1977 in a sand 
based root system, and simulated traffic was applied after two years of growth in 
September of 1979. The turf was kept at 2.5 cm mowing height and 24.4kg N ha
-1
 was applied monthly throughout each growing season.  Using his self-designed 
traffic simulator (discussed previously), Beard applied the wear over a period of 
four days.  Each plot was subjected to three replications of 800 revolutions; the 
simulator was outfitted with only the tire option for this test.  Percent verdure was 
measured for each plot before and just after the wear treatments were imposed.  
Beard found that greater initial verdure measurements indicated increased 
durability in a cultivar’s turf coverage during simulated traffic pressure. 
Carrow et al. (1987) released work performed on ‘Tifway’ bermudagrass 
under lawn conditions.  Although the intention was not to study wear effects, the 
use of an aerifier did have some similarities to previous traffic studies.  And, 
though an aerifier in and of itself is not directly related to simulated or real 
athletic traffic, the damaging effects caused by aeration can be similar.  In this 
study lawns were subjected to aeration either once a year in March or twice a year 
in March and June. When the cores were replaced, in lawns that were aerated only 
once, the density of the bermudagrass was improved.  Conversely, the twice a 
year aerification showed decreases in shoot density.  Further, it was found that use 
of a dethatcher in the early spring could increase the rate of spring green-up.  
Similarly, early core aeration was also found to speed up the dormancy transition.  
This was attributed to either the reduction of above ground biomass, which could 
allow increased solar radiation to reach the soil surface, or disturbing the soil, 
which in turn imparted a darker color to the soil surface, or a combination of both.  
However, when cores were removed it was found that the injury caused to the turf 
was not balanced by any beneficial effect. (Carrow, 1987) 
Perhaps one of the most extensive studies on the tolerance of turfgrass to 
simulated wear was completed in the same year (1989 b) by Cockerham et al. 
using the newly designed BTS.  The purposes of the study were to test the wear 
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tolerance between ryegrass cultivars (53), examine multiple effects of differing 
amounts of wear on ‘Mojave’ tall fescue, and test the wear tolerances of seven 
over seeded turfgrasses within common bermudagrass.   
The bermudagrass study was not intended as a test of the common 
bermudagrass itself, but as an overseeding study for several different cool season 
grasses.  Traffic was applied at a rate of 2/3 of a game per week for a year.  The 
same turf quality measurements as for the tall fescue work were taken, as well as 
an end of treatment measurement of the remaining bermudagrass plot coverage 
following removal of the cool season turfgrasses.   After receiving traffic for a 
year, pronamide herbicide was applied to remove the cool season grasses and the 
remaining bermudagrass was measured in each plot.  Cockerham found that 
traditionally less wear tolerant species were more likely to have a greater stand of 
bermudagrass remaining, regardless of traffic application.  Tall fescue and 
perennial ryegrass overseeding greatly reduced the remaining bermudagrass 
coverage in trafficked plots and caused a poor spring transition in plots without 
traffic. (Cockerham, 1989) 
Trenholm et al. (1999) have made some of the greatest advances in the 
understanding of bermudagrass wear tolerance.  In their experiment, which 
included bermudagrass and seashore paspalum, they were seeking to correlate 
wear tolerance with shoot density and/ or spectral reflectance.  Plots were fully 
established before beginning the trial, and simulated traffic was applied at two 
different intervals, in June and Aug, using a slip differential device.  This device, 
though running on a similar principal to the Brinkman or the D.S. 1/ 2, was 
modified with rubber soles on the rollers instead of spikes.  The theory was that 
this would provide more surface or horizontal wear while avoiding heavy vertical 
forces.  This is one of the first papers to give a detailed description of the type of 
wear injury created.  Under this type of simulated wear, the bermudagrass leaves 
darkened and developed a greasy appearance.  The leaves would then become 
straw colored and at last, flattened.  Measurements of turf injury were recorded a 
few days following traffic treatments as the authors deemed that total 
manifestation of the multiple aspects of turf injury would not be visible 
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immediately.  It was also noted that shredding and stripping of the leaves from 
stem tissues was more likely to occur on the coarse leaved cultivars of both 
bermudagrass and paspalum.  As a result of originally mixed observations, the 
researchers suggest using both quantitative and qualitative measurements for the 
study of turf wear tolerance in future; in particular they included shoot growth, 
verdure, shoot density, turf quality, percent injured tissue, and spectral 
reflectance.  It was also noted that the addition of crumb rubber was associated 
with prolonged turf coverage during simulated traffic applications. (Trenholm, 
1999) 
“Anatomical, morphological, or physiological plant characteristics which 
correlate with wear tolerance across species may not be the same within a 
particular species.”  With this premise in mind, Trenholm et al. (2000) sought to 
examine the different mechanisms of wear tolerance between varieties of 
bermudagrass and seashore paspalum. Two studies were begun using seven 
varieties of seashore paspalum and three hybrid cultivars of bermudagrass.  Plots 
were trafficked on June 30th and Aug 18th, a total of 90 passes were applied with 
the same machine her group used previously.  Prior to the application of simulated 
traffic leaf turgidity, moisture content, and tensile strength were measured along 
with total verdure of the plots, and the number of shoots per unit area.  A nutrient 
analysis was also taken along with the total cell wall contents (lignin, 
lignocelluloses, hemicelluloses and cellulose) of both the leaf and stem tissues.  
After the application of traffic, the percent injury to the tissue was measured over 
a period of two weeks; this was statistically analyzed for correlation to the 
morphological data.  In their explanation of the effects of increased verdure in the 
role of wear tolerance, they believed the increased amounts of leaf tissue provided 
a cushioning effect on the crown and stolon tissue and thus imparted greater wear 
tolerance to the turf.  Statistical data found that a greater amount of moisture 
within bermudagrass stem tissues was responsible for 40.9% of the variability in 
the wear tolerance readings.  It was suggested that increased moisture levels 
enhanced the rigidity of the stems and thus helped prevent breakage during a wear 
event.  The amount of cellulose in paspalum stem tissues had a negative impact 
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on wear tolerance and accounted for 31.5% of the variability.  In fact, in 
comparison to the seashore paspalum, the hybrid bermudagrasses employed 
rigidity as a mechanism for tolerating wear where the paspalum was inclined to 
show flexibility.  Cellulose and lignocelluloses were found in greater amounts in 
the bermudagrass stem tissues and are generally associated with secondary cell 
wall tissue; greater amounts are also found in older, more mature plants (Akin, 
1989; Jung, 1989; Trenholm, 2000).  
Different species of turf have diverse abilities to tolerate direct physical 
damage to aboveground tissues (Shearman, 1975; Canaway, 1978).  These 
differences are also present within species and among cultivars (Beard, 1990).  
Cultural practices such as the amount and timing of fertilizer applications, 
irrigation scheduling, mowing height and frequency, as well as the intensity of 
traffic (varying by type and quantity) can all affect the wear tolerance of an 
individual turf (Shearman, 1975; Canaway, 1978).   
The protection provided by the leaves for the stem tissue is also important, 
as loss of stem tissue will cause complete loss of a field (Sun, 1993). Further, a 
moderate thatch layer in addition to greater verdure can help to cushion the forces 
imparted by traffic (Shearman, 1989).  Damage to stem tissue can be especially 
problematic for a bermudagrass athletic field between late autumn and early 
spring in the transition zone.  Initial damage to bermudagrass fields from 
American football play results in the loss of leaves; but as bermudagrass enters 
dormancy during the season of play, there can be no recovery of lost leaf tissue 
(Shearman, 1989).  As a result the stolons (and crowns) are left vulnerable and 
eventually may be destroyed as well, resulting in permanent plant loss within the 
trafficked areas (Sun, 1993).   
Objectives 
Due to a reduction in establishment cost, the seed-established cultivars 
may prove to be extremely useful within the athletic field industry where budgets 
are small, but demand for use is high.  Seeded bermudagrass cultivars may also be 
employed for easy and inexpensive repair/reestablishment, which can lessen the 
impact of overseeding and winter damage to the cost of maintaining a safe, 
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playable, aesthetically pleasing athletic field.  This research was developed to 
assess the wear tolerance of the seeded cultivar bermudagrasses in relation to 
Kentucky’s traditional, vegetative cutivar (Quickstand) such that its true value to 
low-budget, high demand athletic fields could be determined.  That is, though the 
seeded cultivars may be economically less expensive to establish and repair, if 
they cannot meet current standards for playability and safety, then their potential 
benefit would be greatly reduced. 
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CHAPTER TWO 
MATERIALS AND METHODS 
Field Study 
Experiments were conducted in 2002 and 2003 at the University of Kentucky 
Agricultural Experiment Station in Fayette County, Kentucky.  The soil was a Maury silt 
loam (fine, mixed, mesic typic Paleudalf), pH 6.4.  Methyl bromide was used for soil 
fumigation prior to seeding.  Quickstand bermudagrass was chosen as the vegetative 
variety based on its heavy use within the state of Kentucky (Powell, 2004) and 
throughout the transition zone.  The seeded cultivars, Riviera, Yukon and Princess, were 
selected based on University of Kentucky NTEP evaluation data (NTEP, 2001) for cold 
tolerance and overall turf quality. 
Plot areas were roto-tilled prior to sterilization, then leveled and firmed as a 
normal seedbed.  Plots were then seeded and sprigged by hand.  Based on previous 
research by Munshaw and Williams (2001) seeded cultivars were seeded at a rates of 
24.4 kg  and 48.8kg pure live seed (PLS) ha-1.  Sprigging rates were determined based on 
University of Kentucky recommendations (Powell, 2004) and were 1250 and 2500 bu ha-
1.  Seeded plots were then lightly raked to ensure good seed-to-soil contact and then 
covered using Remay® cloth for the germination period.  Experiments were established 
on 3 and 10 June in 2002 and 2003, respectively.  For both years, nitrogen fertilizer (urea 
46-0-0) was applied at the time of seeding at the rate of 48.8kg N ha-1.  Continued 
nitrogen fertilization at 24.4kg N ha-1 was applied subsequently every two weeks during 
the summer months (Munshaw and Williams, 2001).  The final fertilization was applied 
in the second week of August. Only nitrogen was applied to the site as soil fertility 
analysis did not show a deficit of any other nutrients. 
Plots were uncovered approximately 10 days after seeding/sprigging.  The area 
was mowed at 1.6cm as needed, or about three times week-1 during the summer and two 
times per week during the beginning of autumn.  Mowing was discontinued as the 
bermudagrasses ceased active growth and began to enter dormancy.  Irrigation was 
applied as needed throughout establishment and for the duration of the season to prevent 
drought stress. 
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Traffic was applied using the Brinkman traffic simulator (BTS) (Cockerham and 
Brinkman, 1989a).  No modifications from the original design were made.  The BTS was 
chosen as the preferred method for application of wear based on a review of methods 
employed in past works.  It was determined that BTS could most closely approximate the 
damage incurred during an American high school football game. 
Before the application of traffic, the BTS was tested visually in established, 
supplementary turf to establish how to best approximate damage incurred by one high 
school football game in the area between the hash marks and the twenty yard lines.  It 
was determined that making two passes in opposing directions (one on top of the other) at 
3.8km hr-1 approximated one American football game.  Within each replication were four 
rows of traffic application including a positive control of zero games week-1 or no applied 
traffic.  Otherwise one game was determined to equal two passes, two games were 
equivalent to four passes, and three games were equal to six passes.  These levels of 
traffic (0,1,2, or 3 games) were applied weekly throughout the Kentucky high school 
football season, which began on third week of Aug and ended the second week of Nov.    
This study endeavored to determined the ability these bermudagrasses to 
withstand a typical high school football game in this part of the transition zone rather 
than to look at precise wear ability (e.g., Canaway, 1978; Shearman and Beard, 1975); as 
such the traffic was applied in this time-spaced manner (in games week-1) as by Canaway 
(1981a).   Traffic treatments were regularly applied Wednesday-Friday in both years and 
in all weather perceived as tolerable for a football game (e.g., any weather with the 
exception of lightning/thunderstorms).  
Measurements were collected on a semi-weekly basis for the 2002 football season 
and consisted of ratings for percent turf cover, or visual turf quality on a scale from 1-9 
(where 1 = mostly bare ground or dead turf  and 9 = dark green color, and dense turf).  In 
2003, percent turf cover was recorded at the beginning and end of the football season and 
visual turf quality ratings were taken on a bi-weekly basis.   
A randomized complete block split-split plot design was used with the level of 
traffic application as the whole plot, cutivar as the split plot and seeding/establishment 
rate as the split-split plot.  Individual split-split plots were 1.8 by 3.0 m.  Four replications  
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were initiated for each treatment combination.  Statistical analysis was performed 
using PROC GLM, and PROC ANOVA (SAS Inc., Cary, NC).  Means were separated by 
using F-protected (p≤0.05) LSD at α=0.05. 
Stolon Fresh Weight Measurement 
Previous studies have indicated that moderate thatch accumulations may 
contribute to increased wear tolerance (Youngner, 1961; Cockerham, 1981).  Thatch 
production during the establishment year in swards of bermudagrass, both seeded and 
vegetative, is attributed mainly to stolon production (Munshaw and Williams, 2001).  
Hence, in a secondary analysis, samples were harvested from all plots that did not receive 
traffic and stolon fresh weight measurements recorded.  Stolons were not sampled from 
any trafficked plots as viable samples were not present under higher levels of traffic by 
the end of the season.  Based on Munshaw’s work (2001), four 10.1 cm diameter by 5.0 
cm sub-samples (standard golf cup cutter) were initially removed for each plot.  Plugs 
were removed immediately following the initiation of dormancy and were stored at -
20°C.  Stolon samples were prepared for weighing by first washing away the soil and 
then manually removing all roots, leaves and tillers.  After conducting an analysis of 
variance on the weights of two sub-samples versus four sub-samples, no significant 
difference was found (data not shown).  As a result, the number of samples per plot was 
reduced to two.   
Stolon fresh weight data were analyzed using PROC ANOVA and PROC CORR 
of SAS (SAS Inc., Cary NC).  Mean stolon production among cultivars was also 
correlated with visual traffic damage parameters to investigate any relationship between 
stolon production and percent plot coverage and turf quality. 
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CHAPTER THREE 
RESULTS 
Seeding and Sprigging Rates 
The seeding and sprigging rates had no significant effects (P>0.05) on any 
measurements in any traffic treatment for any cultivar tested in either year (data 
not shown).  As a result, all data reported are the means of both establishment 
rates.  In both years, all cultivars were able to achieve near or equal to 100% turf 
coverage before the application of traffic treatments were initiated.  
Field Rating  
All TQ ratings included color as well as density, texture and uniformity.  
As a result, because bermudagrasses began to enter dormancy as soil and ambient 
temperatures dropped, TQ ratings towards the end of autumn cannot provide a 
completely accurate picture of what effects the traffic is having on the turf.  
Nevertheless, it is desirable to understand how the traffic may affect the winter 
dormancy transition of the bermudagrass.  Rating of percent turf coverage (PC) is 
intended to bypass the effects of dormancy on color and allow a more in-depth 
understanding of the remaining playability of the field following simulated traffic. 
No direct statistical comparisons were made between any of the traffic 
treatments, only among cultivars within traffic treatments.  Hence, data is reported 
in each traffic regime individually for both years of the study.   
Zero Games Per Week 
The zero traffic treatments served two basic purposes: i) to evaluate each 
cultivar on their individual merits i.e., general turf quality and, ii) to serve as a 
non-statistical baseline for evaluating the effects of traffic among the cultivars.  
Although statistically there were significant differences in PC between the four 
cultivars just prior to traffic application in 2002 (data not shown), all four rated 
over 97%, and by the last observation date there were no longer any significant 
differences.  In 2003, there were no significant differences (P>0.05) among 
cultivars in PC ratings, and all cultivars had achieved complete coverage before 
the application of traffic treatments began (data not shown). 
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There were significant differences (P<0.05) in TQ ratings among cultivars 
in both years of the study (Tables 1,2).  On the first observation date, 25 August 
2002, Quickstand (7.5) was statistically equal to Yukon (7.4) (Figs. 1,2).  It then 
vacillated between significant differences with all cultivars, but finally dropped to 
3.9 on 23 October.  On that same day it was rated to be statistically the same as 
Riviera at 3.9 (Fig. 3) but was statistically higher than both Princess 77 (3.6) (Fig. 
4) and Yukon (3.3).  On the final TQ observation date (30 October), Quickstand 
was rated at 3.1, which was statistically lower than Princess 77 and Riviera, but 
not different from Yukon (3.3).  Riviera was rated either highest or not 
significantly different from the highest rating on all observation dates, and was 
not significantly different from Princess 77 on all dates except 23 October.  
Princess 77 rated significantly better than Quickstand on all dates except 2 
October.  In contrast, Yukon was rated higher than Quickstand only on the first 
two observations in the month of October.  Repeated measures analysis shows 
that Yukon and Riviera declined in TQ slower at the beginning of the season than 
did Princess 77 and Quickstand (Fig. 5).   
A month into the 2003 season (24 September), Quickstand’s TQ rated at 
7.1 (Fig. 6) and though the TQ slowly declined at first (to 6.0 on 15 October), by 
the last observation, it had dropped to 3.0.  Riviera maintained higher TQ ratings 
than Quickstand throughout the 2003 season and received the highest end of year 
rating at 7.63 (Fig. 7).  The TQ of Princess 77 (Fig. 8) was significantly lower 
than Riviera until the end of the season, and only surpassed Quickstand on 15 
October (6.6).  Yukon was consistently outperformed by both Riviera and 
Princess 77; it was statistically similar to Quickstand on both 15 October and 6 
November (5.8 and 6.5) (Fig. 9).  For this year the TQ ratings for Quickstand and 
Yukon declined more than did Princess 77 and Riviera (Fig. 10). 
Three Games Per Week 
By the end of the 2002 season, all four cultivars were significantly 
different from each other in PC ratings (Table 3).  Mean, end of season ratings 
were: Riviera, 35.0%; Princess 77, 41.9%; Quickstand, 33.1%; and Yukon, 
21.9%.  In 2003, all four cultivars were again significantly different (P<0.05)  
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Table 1.  Turf quality (1-9; 9 = excellent) for Princess 77, Riviera, Quickstand, and 
Yukon cultivars for each traffic treatment in the 2002 season.   
Date of 
Observation 
games/ 
week     Cultivar       
  Princess 77 Riviera Quickstand Yukon 
25-Aug 0 8.75† a 8.25 a 7.50 b 7.37 b 
 1 8.25 a 8.13 ab 7.63 b 6.75 c 
 2 8.63 a 8.63 ab 7.63 b 7.38 b 
 3 8.50 a 8.13 a 7.38 b 7.25 b 
          
25-Sep 0 7.31 ab 7.44 a 6.75 b 7.25 ab 
 1 6.31 b 7.06 a 6.06 b 5.88 b 
 2 5.38 a 5.38 a 4.38 b 4.25 b 
 3 4.06 b 4.63 a 4.00 b 3.50 c 
          
2-Oct 0 6.19 b 7.13 a 6.19 b 7.38 a 
 1 5.06 b 6.88 a 5.44 b 6.13 a 
 2 3.88 a 4.06 a 3.25 b 3.38 b 
 3 2.78 b 3.13 a 2.88 ab 2.19 c 
          
9-Oct 0 5.44 ab 5.69 a 5.00 b 5.94 a 
 1 4.19 b 4.63 a 3.63 c 3.69 c 
 2 3.38 a 3.44 a 2.56 b 2.69 b 
 3 3.06 a 2.94 a 2.44 b 2.19 b 
          
16-Oct 0 5.06 a 4.88 a 4.50 c 4.00 b 
 1 3.69 a 3.81 a 3.25 b 3.13 b 
 2 3.13 a 3.19 a 2.63 b 2.56 b 
 3 2.25 a 2.44 a 1.81 b 1.44 c 
          
23-Oct 0 3.63 b 3.94 a 3.94 a 3.31 c 
 1 3.13 a 3.13 a 2.44 b 2.56 b 
 2 2.31 a 2.50 a 1.88 b 1.81 b 
 3 1.38 b 1.56 a 1.13 c 1.00 c 
          
30-Oct 0 3.81 a 3.50 ab 3.31 c 3.13 bc 
 1 2.94 a 2.81 a 2.31 b 2.19 b 
 2 2.31 a 2.25 a 1.94 b 1.50 c 
  3 1.50 a 1.56 a 1.31 b 1.00 c 
† Values followed by the same letter in the same row are not significantly different  
   (P<0.05) 
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Table 2.  Turf quality (1-9; 9 = excellent) for Princess 77, Riviera, Quickstand, and 
Yukon cultivars for each traffic treatment in the 2003 season.   
Date of 
Observation 
games/ 
week   Cultivar    
  Princess77 Riviera Quickstand Yukon 
24-Sep 0 6.88† bc 7.63 a 7.13 ab 6.50 c 
 1 4.50 b 5.75 a 4.63 b 4.00 c 
 2 3.75 b 4.87 a 3.75 b 3.00 c 
 3 3.63 ab 3.88 a 3.38 b 2.25 c 
          
15-Oct 0 6.63 b 7.25 a 6.00 c 5.75 c 
 1 4.63 a 5.00 a 3.88 b 3.38 c 
 2 3.75 b 4.38 b 3.25 c 3.13 c 
 3 3.63 a 3.75 a 2.75 b 2.00 c 
          
6-Nov 0 7.13 ab 7.63 a 6.88 bc 6.50 c 
 1 4.63 b 5.75 a 4.50 b 4.00 c 
 2 3.75 b 4.88 a 3.75 b 3.00 c 
  3 3.63 ab 3.88 a 3.38 b 2.25 c 
    †Values followed by the same letter in the same row are not significantly different  
      (P<0.05) 
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Table 3. Percent turfgrass cover for Princess 77, Riviera, Quickstand, and Yukon 
cultivars for each traffic treatment 22 November, 2002.   
Date of 
Observation 
games/ 
week   Cultivar    
  Princess 77 Riviera Quickstand Yukon 
22-Nov 1 83.75† a 86.25 a 71.88 b 66.25 c 
 2 54.38 b 58.13 a 48.75 c 38.13 d 
  3 41.88 a 35.00 b 33.13 b 21.88 c 
    †Values followed by the same letter within the same row are not significantly  
      different (P<0.05) 
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from each other when rated following the end of the season (Table 4).  
Interestingly, PC ratings from 2003 had similar statistical separations (Fig. 11) 
though each cultivar had worn less than the previous year, with Riviera at 73.1%, 
Princess 77 at 64.4%, Quickstand at 49.4%, and Yukon at 34.4%.  It should be 
noted that Yukon rated well below 50% by the end of the seasons in both years, 
and had significantly lower PC than all other cultivars when exposed to 3 games 
wk-1, the highest level of simulated traffic. 
Repeated measures analyses showed significant differences in rates of TQ 
decline treated with the equivalent of 3 games wk-1 in both years of the study 
(Figs. 12,13).  At the time of the first TQ rating in the 2002 season, mean ratings 
for Princess 77 (Fig. 4) and Riviera (Fig. 3) were 8.5 and 8.1, respectively.  These 
ratings were both significantly higher than those for either Quickstand (7.4) (Fig. 
1) or Yukon (7.3) (Fig. 2).  By 25 September, the second TQ rating, Riviera rated 
significantly higher than any of the other cultivars with a TQ of 4.6 (Table 1).  It 
was followed by Princess 77 at 4.1 and Quickstand at 4.0, both of which were 
significantly higher than Yukon at 3.5.  However, when the ratings were taken 
weekly in October, to highlight the visual changes that were taking place later in 
the season, Riviera consistently ranked statistically grater than the other cultivars, 
Princess 77 alternated between the first and second groupings, and, Quickstand 
ranked among each of the significance groups beginning the season in the highest 
group, dropping to the lowest, and returning to the middle by the end of the test.  
Yukon remained in the lowest rated group on all observations dates.  Riviera and 
Yukon each recorded very fast declines in quality ratings between the first two 
measurements (Fig. 12), but the subsequent descent of Riviera slowed much more 
than did Yukon’s by the end of the season.  After 2 October, Quickstand began to 
decline at a faster rate than either Rivera or Princess 77. 
In 2003, Quickstand had a much faster rate of turfgrass quality decline 
than did the other cultivars (Fig. 13), especially Princess 77 and Riviera, which 
showed little quality loss between the first observations (Figs. 8, 7).  However, 
between the last two observations, the TQ of Riviera and Princess 77 declined 
more quickly than Quickstand and Yukon (Figs. 6, 9).  The TQ ratings for 24  
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Table 4.  Percent turfgrass cover for Princess 77, Riviera, Quickstand, and Yukon 
cultivars for each traffic treatment in the 2003 season.   
Date of 
Observation 
games/ 
week   Cultivar    
  Princess77 Riviera Quickstand Yukon 
9-Sep 1 93.75† b 97.00 a 90.63 c 89.38 c 
 2 90.63 b 95.13 a 83.75 c 79.38 d 
 3 86.88 a 88.13 a 75.00 b 72.50 c 
          
22-Oct 1 86.88 b 92.50 a 85.00 b 78.75 c 
 2 81.88 b 86.25 a 76.25 c 68.75 d 
 3 72.50 b 76.25 a 61.25 c 53.75 d 
          
31-Oct 1 85.50 b 89.50 a 87.00 ab 81.75 c 
 2 78.00 ab 81.25 a 76.00 ab 72.88 b 
 3 65.25 ab 68.00 a 59.63 b 52.50 c 
          
22-Nov 1 85.00 a 88.75 a 76.25 b 72.50 b 
 2 73.13 b 77.50 a 66.88 c 56.25 d 
  3 64.38 b 73.13 a 49.38 c 34.38 d 
    †Values followed by the same letter in the same row are not significantly different  
       (P<0.05) 
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September, 2003 (Table 2) were lower than those from the equivalent date in 
2002 (Table 1), but the Kentucky high school football season was staggered a 
week later from the first year.  After approximately one month of simulated traffic 
applications in 2003, there was no significant difference between Riviera (3.9) 
and Princess 77 (3.6) (Table 2) nor was there a difference between Princess 77 
and Quickstand (3.4).  Yukon rated at 2.3, significantly lower than any other 
cultivars, and remained as such for the remainder of the season.  On the second 
rating date, 15 October, Quickstand (2.8) was significantly different from both 
Princess 77 (3.6) and Riviera (3.8).  Yukon (2.0), again, rated significantly lower 
than all other cultivars.  On 6 November, the last observation date, Riviera (3.9) 
and Princess 77 (3.7) were not statistically different from each other, but neither 
were Princess 77 and Quickstand (3.4); Yukon, which was almost worn to bare 
soil had the lowest rating of all cultivars at 2.3.   
Two Games Per Week 
By the end of this level of simulated traffic application, 21 November, 
2002, Quickstand plots averaged 48.8% turfgrass cover (Table 3) and the mean 
PC rating for Riviera was statistically better than the other cultivars at 58.1%.  
Princess 77 (54.4%) was significantly higher than Quickstand, but Yukon, with a 
mean of 38.1%, was rated significantly lower than the other cultivars (Fig. 14). 
For the 2003 season, 9 September, Quickstand plots rated with a mean of 
83.5% PC (Fig. 15).  By 22 October it had dropped to 76.3% and completed the 
season at 66.9%.  Riviera, again, was rated significantly higher than any other 
cultivar, ending the season with a mean of 77.5%.  Princess 77 rated statistically 
higher than both Quickstand and Yukon for all observation dates; by the end of 
traffic applications its mean PC rating was 73.1%.  Although Yukon was out-
performed by all other cultivars on all observation dates, it was able to retain 
more than half of its turf coverage (56.2%) for the end of the season (Table 4). 
The differences in TQ between the cultivars as they received two games 
wk-1 of traffic were much more distinct than in any of the other traffic treatments 
in 2002 (Table 1).  Included in this is the rapid rate of decline of Quickstand and 
Yukon in comparison to Riviera and Princess 77 (Fig. 16).  Quickstand began the  
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Turf Quality; 1-9 (9=excellent) 
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fall season with a high TQ rating of 7.6 but its quality reduced to 4.4 by 25 
September and ended the season with a poor TQ rating of 1.9 by 30 October 
(Table 1).  Riviera and Princess 77 outperformed the other two cultivars being 
rated statistically higher than both Quickstand and Yukon on all observations, but 
were not significantly different from each other at any time.  Ratings for both 
began at 8.6 on 28 August.  They continued nearly equal throughout the season 
with a slower decline in ratings than Quickstand (Fig. 16).  TQ for both cultivars 
was 2.3 on 30 October, the last rating of the season.  Yukon was not significantly 
different from Quickstand until the final observation, at which time it received a 
rating of 1.5 (Table 1). 
In the 2003 TQ data, Riviera had significantly higher ratings than any of 
the other cultivars (4.9, 4.4, and 4.9) on all 3 observation dates (Table 2).  
Quickstand and Princess 77 were not statistically different from each other on the 
first and last of the three observation dates, and in both instances, they were each 
significantly better than Yukon (3.1 and 3.0).  The 15 October observation 
separated Princess 77 (3.8) from both Quickstand and Yukon, which were not 
significantly different from one another at 3.3 and 3.1, respectively.  Princess 77 
and Quickstand showed a quicker decline between the first and second 
observations than did Riviera and Yukon (Fig. 17); but there was, statistically, 
little difference among the cultivars between the second and last observations. 
One Game Per Week 
By the end of the 2002 season, all cultivars had >50% PC ratings (Fig. 
14).  Yukon had the lowest amount of turfgrass cover with a mean of 66.3% 
(Table 1), but this was the greatest amount of coverage for this cultivar among all 
simulated traffic treatments except the untreated control (100%).  Quickstand, at 
71.9%, had a significantly higher mean PC than Yukon, but was significantly 
lower than Princess 77 (83.8%) and Riviera (86.3%), which were not significantly 
different from each other.  
After one month of simulated traffic applications in 2003, PC for Riviera 
was significantly greater than all other cultivars at 97% (Table 4).  Princess 77 
had the second highest rating (93.8%) and was statistically higher than both  
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Quickstand and Yukon, which were not different from each other at 90.6% and 
89.4%, respectively.  On 22 October, Princess 77 (86.9%) and Quickstand (85%) 
were statistically similar (Fig. 18), but were lower than Riviera, which remained 
above 90%.  Yukon was again rated significantly lower than all other cultivars at 
78.8% PC.  By the last observation, Yukon retained a significantly lower PC 
rating than either Princess 77 (85%) or Riviera (88.8%), which were statistically 
the same, but was on par with Quickstand at 76.3% (Fig. 6; Table 4). 
For the 2002 season, Princess 77 TQ ratings were significantly higher than 
both Quickstand and Yukon with a beginning rating of 8.3 (Table 1).  Riviera 
(8.1) was statistically equal to both Princess 77 and Quickstand (7.6), and Yukon 
began the traffic applications with the significantly lower mean TQ of 6.8.  There 
was a modest rate of decline in ratings for all cultivars over the duration of traffic 
application (Fig. 19), but Quickstand (3.6) and Yukon (3.7) were declining more 
quickly than the other two by 9 October. On the same date, Riviera had a 
significantly higher rating of 4.6 than all other cultivars.  Princess 77 (4.2) had a 
mean that was statistically higher than both Quickstand and Yukon (Table 1).  At 
the end of the season, 30 October, Princess 77 and Riviera were statistically 
similar with respective ratings of 2.9 and 2.8.  Quickstand at 2.3, and Yukon with 
a mean TQ of 2.2, were also statistically similar, but were significantly lower than 
the other two cultivars.  For this simulated traffic treatment, Riviera showed a 
very steady quality decline which, though initially rapid, leveled out towards the 
end of the season.  Between the second rating day (25 September) and 16 
October, Riviera was beginning to slow its decent, whereas the other cultivars 
increased their rate of decline (Fig. 19). 
Slightly different results were observed in 2003.  After approximately one 
month of traffic treatment, Princess 77 (4.5) was not significantly different from 
Quickstand (4.6) (Table 2). Riviera was statistically higher than the other cultivars 
at 5.8 and Yukon was the lowest at 4.0. Quality ratings for Quickstand and Yukon 
declined more quickly than did those for Princess 77 and Riviera throughout the 
season.  Unlike 2002, however, the end of season mean rating (6 November) for 
Riviera (5.8) was statistically higher than all other cultivars (Fig. 7).  Princess 77  
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(4.6) (Fig. 8) and Quickstand (4.5) (Fig. 6) were not significantly different from 
one another, and Yukon (2.6) quality ratings were statistically lower than all other 
cultivars (Fig. 9). 
Stolon Fresh Weights 
The fresh weights of stolons were measured from plots, which had not 
received any traffic.  There were no significant differences (P>0.05) within any 
cultivar among seeding or sprigging rates (data not shown).  These data agree 
with the work of Munshaw and Williams (2001) which showed no difference in 
stolon production during the establishment year in seeded bermudagrass between 
seeding rates of 24.4 and 48.8 kg PLS ha-1.  In 2002 the mean weights for Yukon 
(2.4g) and Princess 77 (2.5g) were not statistically different from one another, but 
were significantly less than those for Quickstand and Riviera (Fig. 20).  The mean 
fresh weight for Quickstand (5.2g) was statistically greater than all other cultivars, 
and Riviera produced 4.3g.  Results for 2003 were the same as 2002 but with 
slightly higher overall mean weights for each cultivar.  Quickstand’s 2003 mean 
fresh weight was statistically higher than all cultivars at 5.7g, and Riviera (4.3g) 
was significantly greater than both Princess 77 (2.8g) and Yukon (2.8g), which 
were not different from one another (Fig. 20). 
Correlation statistics indicated that there were no discernible trends 
between stolon fresh weights and percent coverage in plots at any level of 
simulated traffic.  Coefficients ranged from strongly positive to strongly negative 
as well as many levels in between (Tables 5,6).  Therefore, no firm conclusions 
can be drawn regarding stolon production during the establishment year and the 
tolerance of these cultivars to the levels of simulated traffic investigated in this 
study. 
 
Mean Fresh Weights of Stolons (g). 
54 
 55 
Table 5.  Correlation coefficients (r) between percent cover and 
stolon fresh weight measurements for each cultivar on the first and 
last observation dates in the 2002 trial.† 
Date of 
Observation   Cultivar  
1 Game/ wk  Princess77 Riviera Quickstand  Yukon 
17-Sep  -44.6 22.4 32.0 -31.9 
22-Oct  8.0 14.6 -1.1 -1.8 
      
2 Games/wk      
17-Sep  -55.1 47.6 52.1 -70.5 
22-Oct  52.0 54.0 -40.2 51.3 
      
3 Games/wk      
17-Sep  -20.6 46.4 30.9 -30.4 
22-Oct   24.9 67.1 3.1 -54.6 
   †No significant correlations (P>0.05) were present  
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Table 6. Correlation coefficients (r) between percent cover and 
stolon fresh weight measurements for each cultivar on the first and 
last observation dates in the 2003 trial.† 
Date of 
Observation   Cultivar  
1 Game/ wk  Princess77 Riviera Quickstand  Yukon 
17-Sep  38.1 38.2 -47.7 -19.9 
22-Oct  72.8 21.1 18.4 -8.9 
9-Nov  48.1 14.9 5.8 -1.0 
      
2 Games/wk      
17-Sep  73.0 20.9 18.0 73.4 
22-Oct  51.1 -67.9 35.1 -52.9 
9-Nov  62.9 -67.9 54.0 -5.0 
      
3 Games/wk      
17-Sep  27.8 6.6 25.6 -16.7 
22-Oct  -53.7 69.7 -9.5 -30.8 
9-Nov   0.3 -8.3 62.8 37.6 
    †No significant correlations (P>0.05) were present  
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CHAPTER FOUR
CONCLUSIONS 
Munshaw and Williams (2001) reported that a reduced seeding rate (12.2 
kg PLS ha-1) for seeded bermudagrasses increased stolon production, but that 
there were no differences in stolon production at higher seeding rates (24.4 and 
48.8 kg PLS ha-1).  Similarly, this study has shown that there were no significant 
differences between the 24.4kg ha-1 and 48.8kg ha-1 seeding rates in either wear 
tolerance or stolon production between the seeded and vegetatively established 
bermudagrass cultivars.  Therefore, it is concluded that seeding or sprigging at the 
lowest rates in this study would not be detrimental to the response variables 
measured.  Sports turf managers may expect no reduction in stolon production, 
turf quality or traffic tolerance resulting from seeding at 24.4 kg PLS ha-1 as 
compared to 48.8 kg PLS ha-1, or in sprigging Quickstand at rates of 1250 
compared to 2500 bu ha-1.   
The zero traffic plots were able to demonstrate that standard evaluation 
techniques which measure multiple dimensions of overall turf quality (used by the 
National Turfgrass Evaluation Program) are not qualified as either a predictor or 
measure of wear tolerance in bermudagrass turf.  For example, Quickstand does 
not exhibit the same turf quality characteristics as Riviera, but was not always 
different in traffic tolerance.  Also, Yukon is generally thought to posses 
improved turf quality when compared to Quickstand, but did not tolerate 
simulated traffic as well.  We conclude that the general, commonly used visual 
parameters of overall turf quality will not indicate the ability of a given cultivar to 
tolerate simulated traffic. 
Perhaps more importantly, it was proven that two of the newer seeded 
cultivars, though they were developed with intent to improve cold tolerance and 
turf quality, were as good and often better than the standard vegetative variety 
Quickstand at withstanding the pressures of intense simulated traffic.  Princess 77 
and Riviera regularly rated significantly higher in both TQ and PC than 
Quickstand (for both 2002 and 2003).  In fact, it wasn’t often that either one of 
those two cultivars out performed the other.  It should be noted, however, that 
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previous studies have indicated that Princess 77 is not as cold tolerant as Riviera 
and exhibits a much slower spring green-up (NTEP, 2001).  This was also 
observed in the current study (data not shown).  As a result, Riviera is likely a 
better cultivar choice than Princess 77 on fields that experience early spring traffic 
as it will be able to recuperate earlier in the growing season due to faster spring 
green-up.  Yukon was not able to compete with any of the other cultivars under 
the simulated traffic in this study.  It often performed poorly in comparison with 
Quickstand in both TQ and PC in both years of the study.  Based on the results 
from this study, we conclude that Yukon is not a good cultivar selection for high 
traffic situations.  Further, we conclude that both Riviera and Princess 77 are able 
to tolerate simulated traffic as well or better than the vegetative standard, 
Quickstand, and are viable options for sports turf managers either in new 
establishments or annual renovations.  Also, based on the defined differences 
among the three seeded cultivars in this study (e.g., Riviera vs. Yukon), future 
research should investigate the tolerance of other commercially available seeded 
cultivars to simulated traffic prior to recommendation for use on athletic fields.  It 
is the conclusion of this researcher that sports turf managers would be 
disappointed in the performance of Yukon under American football traffic. 
Percent turf coverage ratings proved to be essential to the evaluation of 
wear tolerance in this particular study.  Turf quality ratings were simply unable to 
accurately convey the condition of the plots after the bermudagrass cultivars had 
been exposed to simulated traffic and had begun to enter dormancy.  Even though 
color ratings were declining, some cultivars maintained acceptable playability 
very late into the season.  Both Princess 77 and Riviera were able to remain above 
50% turf coverage under the pressure of three games per week in 2003.  In fact, 
for that year, the lowest mean PC for Riviera in 2003 was only 73.1%.  Data from 
the 2002 season, however, did find the final means for Princess 77 and Riviera to 
be well below 50% turf coverage.  Though the 2002 end of season percent turf 
coverage is lower than might be preferable, both cultivars did significantly out-
perform Quickstand, which is already in use in many northern Kentucky athletic 
fields.  With the equivalent of two games per week, though, Princess 77 and 
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Riviera were able to remain over 50% covered in both years.  Yukon was not able 
to compete with Quickstand, and thus Riviera and Princess 77.  With the wear 
pressure of one simulated game a week, Yukon’s mean percent turf cover data for 
2002 and 2003 were above 50%.  In 2003 Yukon was able to maintain a PC just 
above 50% (56%) for two games per week, but in 2002 it was rated below 40%. 
There were significant differences between stolon fresh weights among 
the different cultivars, but there were no consistent correlations between stolon 
fresh weights and the ability of that cultivar to withstand traffic.  As a result, it 
cannot be determined if gross stolon production is related to the wear tolerance of 
these bermudagrass cultivars to simulated traffic.  Although tiller density was not 
rated in this study, we would hypothesize it may be an important factor in the 
tolerance of these cultivars to simulated traffic.  Data from NTEP results clearly 
indicate that both Riviera and Princess 77 have higher tiller densities than 
Quickstand and Yukon (NTEP, 2001).  Future research should investigate this and 
other potential characteristics that may enhance a particular cultivar’s tolerance to 
simulated traffic. 
One striking result of this work will be for athletic field managers who 
would prefer the durability and resilience of a bermudagrass athletic field, but in 
the past could not afford it.  A sprig-installed, vegetative variety bermudagrass 
American football field costs about $3200 for materials and labor.  In comparison, 
the cost of seeded bermudagrass varieties Riviera and Princess 77 are currently 
between $13 and $23 per pound of coated seed.  Therefore the materials cost of 
installing the same field would be between $605 - $1070 at the 24.4 kg PLS ha-1 
rate and between $1210 - $2140 at the 48.8kg PLS ha-1 rate for Riviera and 
Princess 77, respectively.  Additionally, many venues have the proper equipment 
and personnel on site to establish or renovate with seeded cultivars.  Most 
sprigging is contracted.  Using existing personnel and equipment in seeding 
would generally be considered much simpler than contracting for sprigging, 
requiring both less money and effort on the part of the field manager. 
We conclude that sports turf managers may use Riviera and possibly other 
seeded cultivars on high traffic athletic fields without fear of reduced traffic 
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tolerance relative to the vegetatively propagated cultivar, Quickstand.  Riviera 
may be established and/or renovated at a much reduced cost both in dollars and 
effort compared to Quickstand, while also providing as safe and attractive a 
playing surface as is possible under high traffic conditions.  We strongly 
recommend consideration of Riviera and possibly other seeded cultivars for use 
on high traffic athletic fields where bermudagrasses are appropriately adapted. 
Copyright © Theresa A. Bayrer
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